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The beneficial effect of angiotensin-converting enzyme inhibitors (ACE inhibitors) on left ventricular
(LV) function in patients with acute myocardial infarction (AMI) is widely known. However, contro-
versy exists about their efficacy on patients with small infarcts and preserved LV systolic function.
The aim of the present study was to detect the influence of the ACE-I perindopril on the global LV
performance in patients with pure inferior AMI (AMI-I) using a Doppler-derived index (DI) that com-
bines systolic and diastolic time intervals (Tei index). Our study included 40 patients with first AMI-I,
mean age 60 years ±9.06 years (SD) and 24 age- and gender-matched normal patients who consti-
tuted the control group (COG). Patients were randomized into two groups to receive the conventional
treatment of AMI-I (GCT) or the above therapy plus P (GP). Complete Doppler echocardiography
(systolic and diastolic parameters), DI, and systolic blood pressure (SBP) were measured on the
8.07 ± 1.16 (SD) post-infarct day. The same examination was performed to COG. The DI was sig-
nificantly lower in healthy patients (0.45 ± 0.23) compared with the value in patients of either GP
(0.56 ± 0.03; P = 0.023) or GCT (0.78 ± 0.05; P = 0.000). Moreover DI was higher in patients of GCT
compared with that of GP (P = 0.000). In addition, perindopril administration decreased isovolumic
relaxation time (IRT; 120.00 ± 4.23 vs. 139.00 ± 6.74; P = 0.006) and increased significantly ejection
time (ET; 274.25 ± 7.35 vs. 253.50 ± 7.68; P = 0.042). SBP in patients of GP was similar to that of
GCT (120.5 ± 2.85 mmHg vs.112.5 ± 3.49 mmHg; P = NS). Conclusions: Global LV function (DI) is
impaired in patients with AMI-I. Administration of perindopril has a favorable impact on LV perfor-
mance in patients with AMI-I, achieved through improvement of the diastolic function (IRT), which
indirectly improves LV systolic function (ET, DI). This beneficial influence of perindopril is the re-
sult of the direct tissue effect of the drug and not its hemodynamic action. (ECHOCARDIOGRAPHY,
Volume 20, May 2003)
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In the past two decades, angiotensin-
converting enzyme inhibitors (ACE inhibitors)
were established as an important addition to
the list of treatments of myocardial infarc-
tion (MI). Extensive multicenter studies such
as GISSI-3, SAVE, AIRE, ISIS-4, SOLVD, and
many others1−23 have reported favorable influ-
ence of ACE inhibitors on patients with MI. Ev-
idence from these studies indicates that dur-
ing the early phase of MI, ACE inhibitors
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limit infarct expansion7 and left ventricular
(LV) enlargement,9−11,12,16,17,20 and during the
post-infarct period they reduce the mortal-
ity1,4,5,18,19,21,22 and the rate of development of
heart failure.7,9,18,19,22 These beneficial results
are more obvious in patients with extensive
acute myocardial infarction (AMI)7,13,14 accom-
panied by LV dysfunction1,5,19,21 and clinical
manifestations of LV failure.1,7,13,14,21,22

Nevertheless, there has not been a complete
agreement among researchers concerning the
existence of a favorable influence of ACE in-
hibitors on patients with limited extension AMI
and preserved LV function.13,14 This study has
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been focused on the detection of the affect of
ACE inhibitor perindopril, in patients after
their first uncomplicated acute inferior wall my-
ocardial infarction (AMI-I). At the time of writ-
ing, PREAMI is the first trial that evaluates
efficacy of long-term ACE inhibition with
perindopril in patients 65 years old, with AMI
and preserved LV systolic function.24

Although AMI is a process resulting in global
dysfunction of LV, in the previously mentioned
studies only systolic parameters7,9,11,19−22 and
especially the ejection fraction have been used
for assessment of LV function after AMI. The
ejection fraction is a simple and reliable index
only of systolic cardiac performance. Moreover,
there is not yet an available ideal method for
easy and precise determination of LV diastolic
dysfunction. Although the standard methods of
Doppler echocardiography (assessment of iso-
volumetric relaxation time [IRT], transmitral
flow,25,26 and pulmonary venous flow27−29) seem
to predominate over cardiac catheterization
and radionuclide ventriculography for the eval-
uation of LV diastolic dysfunction, they are sub-
ject to restrictive dependence on heart rate,30

breathing,31 age,32 blood pressure, preload,33

and afterload. Furthermore, it is hypothesized
that a measure of combined systolic and dias-
tolic myocardial performance is a better predic-
tor of overall LV function than systolic or dias-
tolic parameters separately.

Consequently, the existence of a clinically ap-
plicable method for assessment of global my-
ocardial performance in patients with AMI
would be very useful. Such a method is the
systolic-diastolic Doppler Index (DI) or Tei in-
dex, which has been studied in several car-
diac diseases34−44 and has been proved to have
both predictive value34,37,44 in patients with LV
dysfunction and good correlation with global
LV performance.34,35 Moreover, there is evi-
dence that this index is more sensitive than
mitral E, A waves and deceleration time of E
wave for the assessment of LV diastolic func-
tion and has a better correlation with—dp/dt
and tau.45 In our previous studies, we used
this method in patients with AMI, and we were
the first to demonstrate the abnormal devia-
tion and predictive value of the index in this
population.46,47 Recently Poulsen et al.48 con-
firmed this deviation of DI in the early postin-
farct phase and revealed its positive correlation
with the risk of development of congestive heart
failure.

On these grounds, our study aims to evaluate
the influence of perindopril on global LV func-

tion in patients with pure AMI-I focusing on
the utility of DI. This index is easily obtained,
noninvasive, and independent of blood pres-
sure,34,35,49 heart rate,34,35,49,50 age,50 sex,50and
ventricular geometry.

Methods

This study included 40 patients (28 males),
mean age 60 ± 9.06 (SD) years with first AMI-I.
This was diagnosed on the basis of the following
criteria: characteristic chest pain for MI, elec-
trocardiogram changes favoring limited inferior
infarction, and diagnostic serial changes in car-
diac enzymes.

The thrree groups were as follows: group GCT
comprised 20 patients receiving the conven-
tional therapy for AMI-I; group GP comprised
20 patients receiving, in addition to the con-
ventional treatment, perindopril, in a dose of
2 to 4 mg once per day, beginning on the third
postinfarct day; and group COG comprised 24
age- and gender-matched normal patients as
control group. Healthy individuals had no his-
tory or symptoms suggestive of cardiovascular
disease and normal findings on physical exam-
ination, electrocardiography, and echocardiog-
raphy. Titration of perindopril in GP patients
was in proportion to their basic systolic blood
pressure (SBP) in order to achieve better toler-
ance and lower hypotensive complications. All
patients underwent M-mode, two-dimensional,
and Doppler echocardiography on the 8.07 ±
1.16 (SD) postinfarct day. The same exami-
nation was also performed on all healthy pa-
tients. DI, conventional echocardiography, and
Doppler derived systolic and diastolic param-
eters were calculated for all patient in fasting
condition and at midday.

In our study therapy with perindopril was in-
stituted on the third postinfarct day. Available
data indicate that previous selective trials1,21,22

initiated treatment with ACE inhibitors be-
tween 3 and 16 days after AMI and maintained
it for 1 to 4 years, whereas unselective tri-
als4,23 initiated this therapy within 24 to 36
hours and maintained it for 4 to 6 weeks. A
substantial portion of the lives saved occurred
within the first several days after MI. Believ-
ing that a more acceptable risk/benefit ratio
might have been achieved we delayed the ini-
tiation of treatment with perindopril until the
third postinfarct day, when the frequency of sig-
nificant hypotension would be considerably re-
duced.5,21 Moreover, we decided to calculate the
DI on the eighth postinfarct day when diastolic
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dysfunction was assumed to have taken place.
It is well known that the initial inciting event
after coronary artery occlusion is an abrupt loss
of contractile tissue and LV systolic dysfunc-
tion appears to predominate in the early phase
of MI. LV diastolic properties modification ap-
pears later because of compensatory hypertro-
phy and ventricular remodeling process.51−53

This provided to us a window of opportunity to
assess the impact of perindopril on LV remod-
eling at the time that diastolic dysfunction is
apparent.

Conventional treatment for AMI-I was con-
sidered the administration of -blockers, ni-
trates, heparin, and aspirin. Both groups of
patients were treated with the same pharma-
ceutical regimen of each drug category. Intra-
venous administration of nitrates and heparin
were discontinued on the third postinfarct day.

Thrombolysis was administered in 23 (57%)
of 40 patients with AMI-I. Patients in both
groups were comparable regarding history of
hypertension and thrombolytic therapy. Indi-
viduals with relative or absolute contraindica-
tions to ACE inhibitors, persistent (>1 hour)
severe hypotension (SBP < 100 mmHg), his-
tory of old MI, or percutaneous transluminal
coronary angioplasty or coronary artery by-
pass grafting, coexistent right ventricular in-
farction, atrial fibrillation, left bundle branch
block, sustained angina pectoris, postinfarct
mechanical complication, or any valvulopathy
more severe than mild, were excluded from the
study.

Complete two-dimensional, M-mode, and
Doppler echocardiograms were performed us-
ing a commercially available ultrasound instru-
ment (ATL-UM 9; Advanced Technology Labo-
ratories, Bothell, MA, USA) with a phased array
transducer of 2.5 MHz. We used the parasternal
long-axis view at the mid-LV level to measure
M-mode LV end-systolic and end-diastolic di-
ameters. From the same view at the aortic level,
atrial diameter was assessed. Ejection fraction
was calculated using Bullet’s formula. The mi-
tral inflow velocity pattern was recorded from
the apical four-chamber view with the pulsed-
wave Doppler sample volume positioned at the
tips of the mitral leaflets in the center of the
flow stream during diastole.54 The following pa-
rameters were measured at a recording speed
of 100 mm/s: transmitral peak rapid filling ve-
locity (E wave); peak atrial filling velocity (A
wave); E-wave deceleration time-peak to zero-
(DT); and E/A ratio. The LV isovolumetric re-
laxation time (IRT) was obtained from the api-

cal five-chamber view by simultaneous record-
ing of the aortic outflow and mitral inflow. This
interval was measured from the end of aor-
tic outflow to the beginning of the mitral in-
flow at a recording speed of 100 mm/sec.26,54−56

These parameters for assessment of LV dias-
tolic function are accepted in the bibliography
as having a good correlation with radionuclide
and angiographic techniques.25,57 Additionally,
from the apical five-chamber view, with the
pulsed-wave Doppler sample volume positioned
just below the aortic valve, we recorded the
LV outflow pattern. The following systolic pa-
rameters were measured: isovolumetric con-
traction time (ICT), which is the interval from
the closure of the mitral valve to the opening
of the aortic valve; and LV ejection time (ET),
which is the duration of LV outflow velocity
profile.

Finally, we obtained the Tei index, combin-
ing Doppler systolic and diastolic time inter-
vals measured from mitral inflow and LV out-
flow velocity time patterns as demonstrated in
Figure 1. The interval a from the cessation to
the onset of mitral inflow was equal to the sum
of ICT, ET, and IRT. The interval b was the du-
ration of LV outflow velocity profile. Thus, the
sum of ICT and IRT is obtained by subtracting

Doppler-Index= (a-b) / b = (ICT+IRT) / ET

       ICT          IRT

Mitral Valve Flow Mitral Valve Flow

   Left Ventricle  Outflow

ET

a

b

Figure 1. Scheme for measurements of Doppler time inter-
vals. The index is defined as (a–b)/b, where a is the interval
between cessation and onset of the mitral inflow and b is the
ejection time (ET) of left ventricular outflow. Isovolumetric
relaxation time (IRT) is the interval between the aortic valve
closure and the onset of mitral valve flow. Isovolumetric con-
traction time (ICT) is the interval between the cessation of
mitral inflow and the onset of aortic valve flow.
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b from a. The index of combined LV systolic and
diastolic function (the sum of ICT and IRT di-
vided by ET) was calculated as (a–b)/b.

All Doppler measurements were calculated at
the end of expiration from an average of five
consecutive cardiac cycles.

Statistics

The Student’s t-test for independent samples
method was used for comparison of quantitative
observations and2 to compare qualitative char-
acteristics. A P value of <0.05 was considered
statistically significant.

Results

Clinical Characteristics and General
Echocardiographic Findings of Groups Studied

Table I presents the clinical characteris-
tics and general echocardiographic findings of
groups studied. The three study groups were
comparable regarding age, gender, heart rate,
diastolic blood pressure, and LV end-diastolic
diameter. SBP was higher in healthy patients
compared with the two patient groups. More-
over, the SBP of GP patients was insignificantly
higher than that of GCT patients (P = 0.072).
As was expected, the ejection fraction was sig-
nificantly higher in healthy patients compared
with the value in the two patient groups, but
it was similar in the two patients groups and
within normal limits.

Table I

Comparison of the Basic Clinical Characteristics and the General Echocardiographic Findings of Subjects in the Three
Groups of Study: 24 Healthy Subjects as Control Group (COG), 20 Patients with AMI-Inferior (AMI-I) Receiving

Conventional Treatment Plus Perindopril (GP) and 20 Patients with AMI-I Receiving Only Conventional Treatment (GCT).

COG GP COG GCT GP GCT
(MV ± SE) (MV ± SE) (MV ± SE) (MV ± SE) (MV ± SE) (MV ± SE)

n = 24 n = 20 P n = 24 n = 20 P n = 20 n = 20 P

Age (years) 59.62 ± 1.51 58.85 ± 2.21 NS 59.62 ± 1.51 61.15 ± 1.86 NS 58.85 ± 2.21 61.15 ± 1.86 NS
Female/Male 10/14 4/16 NS 10/14 8/12 NS 4/16 8/12 NS
Heart rate (b/m) 67.2 ± 3.02 70.6 ± 2.55 NS 67.2 ± 3.02 71.05 ± 3.99 NS 70.6 ± 2.55 71.05 ± 3.99 NS
Systolic BP (mmHg) 129.58 ± 2.67 120.5 ± 2.85 0.034 129.58 ± 2.67 112.5 ± 3.49 0.000 120.5 ± 2.85 112.5 ± 3.49 0.072
Diastolic BP (mmHg) 78.75 ± 1.25 74.75 ± 1.94 NS 78.78 ± 1.25 75.50 ± 2.46 NS 74.75 ± 1.94 75.5 ± 2.46 NS
LVd (cm) 4.97 ± 0.12 4.94 ± 0.11 NS 4.97 ± 0.12 4.91 ± 0.13 NS 4.94 ± 0.11 4.91 ± 0.13 NS
L Ad (cm) 3.63 ± 0.08 4.00 ± 0.07 0.003 3.63 ± 0.08 4.07 ± 0.09 0.005 4.00 ± 0.07 4.07 ± 0.09 NS
Ejection fraction (%) 73.7 ± 1.39 59.8 ± 2.16 0.000 73.7 ± 1.39 56.2 ± 3.21 0.000 59.8 ± 2.16 56.2 ± 3.21 NS

AMI = Acute Myocardial Infarction, BP = blood pressure, LVd = Left ventricular end-diastolic diameter, LAd = left atrial
dimension, p = statistical significance, NS = Statistically not significant. p < 0.05 statistically significant. MV ± SE =
mean value ± standard error.

Values of Doppler Parameters and Tei Index
in Groups Under Investigation

The ICT was significantly shortened in nor-
mal patients compared with GCT patients, but
there was no difference between healthy pa-
tients and GP patients (P = 0.555). Moreover,
ICT was marginally shorter in GP patients com-
pared with GCT patients (P = 0.099; Fig. 2,
Table II). The IRT was significantly shorter in
healthy patients compared with the value in
the two patient groups. Furthermore, this time
interval was prolonged in GCT patients com-
pared with that in GP patients (Fig. 2, Table II).
ET was significantly prolonged in healthy pa-
tients compared with the patient groups. In ad-
dition, GP patients exhibited longer ET than
GCT patients (Fig. 2, Table II). Concerning ra-
tio E/A, it was higher in normal patients than
in the two patient groups, but there was no
significant difference between the two groups
of patients (P = 0.769; Table II). The DT was
insignificantly different between normal pa-
tients and GP patients (P = 0.074). Addition-
ally, this interval was shorter in normal pa-
tients compared to GCT patients and similar
between the two groups of patients (P = 0.738;
Table II).

The index was significantly lower in age- and
gender-matched healthy patients (0.45 ± 0.23)
compared with that in GP patients (0.56 ± 0.03;
P = 0.023) and also with that in GCT patients
(0.78 ± 0.05; P = 0.000), whereas it was signifi-
cantly higher in GCT patients compared with
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Figure 2. Comparison of Doppler time intervals between
normal patients (COG), patients who received the conven-
tional treatment (GCT) of acute inferior myocardial infarc-
tion (AMI-I), and patients who received perindopril in ad-
dition to conventional treatment (GP). Left ventricular (LV)
isovolumetric relaxation time (IRT) was significantly pro-
longed in patients with AMI-I compared with that in normal
patients, whereas the administration of perindopril short-
ened this time interval. LV isovolumetric contraction time
(ICT) demonstrating a borderline prolongation and LV ejec-
tion time (ET) was significantly shortened in patients with
AMI-I compared with normal patients. Perindopril admin-
istration induced a borderline shortening of ICT and signif-
icant prolongation of ET.

the value in GP patients (P = 0.000; Fig. 3,
Table II).

Type of LV Diastolic Dysfunction Detected
in Patients of Groups Studied

Twelve (30%) of 40 patients with AMI-I pre-
served normal diastolic performance (8/20 in
GP and 4/20 in GCT). Sixteen patients (40%)

Table II

Comparison of Systolic and Diastolic Doppler Parameters as well as Tei Index of 24 Healthy Subjects (GOG), 20 Patients
with AMI-Inferior (AMI-I) Receiving Perindopril Plus Conventional Treatment (GP) and 20 Patients with AMI-I Receiving

Only Conventional Treatment (GCT).

COG GP COG GCT GP GCT
Doppler (MV ± SE) (MV ± SE) (MV ± SE) (MV ± SE) (MV ± SE) (MV ± SE)
Variables n = 24 n = 20 P n = 24 n = 20 P n = 20 n = 20 P

ICT (ms) 54.58 ± 2.17 56.84 ± 2.68 NS 54.58 ± 2.17 63.5 ± 3.31 0.021 56.84 ± 2.68 63.50 ± 3.31 NS
ET (ms) 306.46 ± 5.67 274.25 ± 7.35 0.001 306.46 ± 5.67 253.50 ± 7.68 0.000 274.25 ± 7.35 253.50 ± 7.68 0.042
Wave E (m/sec) 0.79 ± 0.03 0.66 ± 0.04 0.011 0.79 ± 0.03 0.60 ± 0.04 0.000 0.66 ± 0.04 0.60 ± 0.04 NS
Wave A (m/sec) 0.68 ± 0.04 0.74 ± 0.05 NS 0.68 ± 0.04 0.74 ± 0.05 NS 0.74 ± 0.05 0.74 ± 0.05 NS
Ratio E/A 1.20 ± 0.04 0.94 ± 0.08 0.020 1.20 ± 0.04 0.91 ± 0.10 0.009 0.94 ± 0.08 0.91 ± 0.10 NS
IRT (ms) 96.04 ± 2.41 120.00 ± 4.23 0.000 96.04 ± 2.41 139.00 ± 6.74 0.000 120.00 ± 4.23 139.00 ± 6.74 0.006
Deceleration 195.00 ± 6.68 222.2 ± 11.65 NS 195.00 ± 6.68 227.50 ± 13.91 0.034 222.25 ± 11.65 227.50 ± 13.91 NS

time (ms)
Doppler-index 0.45 ± 0.23 0.56 ± 0.03 0.023 0.45 ± 0.23 0.78 ± 0.05 0.000 0.56 ± 0.03 0.78 ± 0.05 0.000

ICT = isovolumetric contraction time, ET = ejection time, IRT = isovolumetric relaxation time, AMI and statistics as in
Table I.
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Figure 3. Comparison of Doppler index (DI) of global my-
ocardial performance between normal patients (COG), pa-
tients who received conventional treatment (GCT) for acute
inferior myocardial infarction (AMI-I), and patients who
received perindopril in addition to conventional treatment
(GP). DI was significantly higher in patients with AMI-I
compared with normal patients and was improved by
perindopril administration.

demonstrated only decreased peak filling rate
pattern (8/20 in GP and 8/20 in GCT). Eleven
patients (27.5%) had an impaired LV relaxation
filling pattern (E/A < 1,58 DT > 220 msec,58

IRT > 105msec58), 4/20 in GP, and 7/20 in GCT.
Only one patient (2.5%) in GCT demonstrated a
restrictive LV filling pattern (shortened DT and
higher E to A ratio).

Discussion

AMI is characterized by varying degree
of LV systolic and diastolic dysfunction. The
Tei index, which combines systolic and dias-
tolic time intervals, could be useful for the
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evaluation of the effect of several drugs on the
global LV performance in patients with AMI.
As was already mentioned in the introduction,
the influence of ACE inhibitors on MI has been
studied extensively,1−23 but their favorable ef-
fect on small MI is still controversial.13,14 In
this study, we compared the general echocar-
diographic and Doppler variables as well as the
index value of 20 patients with AMI-I treated
only with conventional treatment, 20 patients
with AMI-I who received perindopril in addition
to this therapy, and 24 age- and gender-matched
healthy patients.

The isovolumetric relaxation time interval
was significantly increased in our patients with
MI compared with that in normal patients. This
finding is attributable to the development of
compensatory hypertrophy during the LV re-
modeling process after AMI. On the other hand,
Poulsen et al.48 reported no difference between
the two groups concerning this time interval.
This discrepancy could be explained by the fol-
lowing observations: (1) the Poulsen et al. ma-
terial also included patients with a history of
old MI and more severe ventricular dysfunc-
tion, who developed higher LV filling pressures
and presented shorter isovolumetric relaxation
time compared to our patients; and (2) echocar-
diographic examination in the Poulsen study
was performed during the hyperacute phase
of MI (within 1 hour of the patient’s arrival
at the coronary care unit). It is well accepted
that during this period LV systolic dysfunction
appears to predominate.51−53 In our study, pa-
tients were assessed in the acute phase (on
eighth postinfarct day) when impairment of re-
laxation had developed as a result of the re-
modeling process.51−53 The significant increase
of isovolumetric relaxation time was the main
cause of prolonged relaxation in most of our
patients, supporting our hypothesis that re-
laxation impairment would be present during
the eighth postinfarct day. Perindopril admin-
istration shortened IRT, improving LV diastolic
function in GP patients compared with GCT
patients. It is accepted that ACE inhibitors
improve LV diastolic performance59,60 directly
(accelerating myocardial relaxation) and indi-
rectly (lowering systemic arterial pressure). In
our study there was no difference between GP
and GCT patients concerning arterial blood
pressure. Therefore, the favorable impact of
perindopril (given in such a low titration) seems
to be a direct tissue effect regardless of its
hemodynamic action. It is certain that in such
a population of patients with preserved sys-

tolic LV function, ACE inhibition is not im-
portant in the regulation of water and sodium
metabolism or in the control of loading condi-
tions (through circulating Renin-Angiotensin-
Aldosterone system). Instead, interaction with
tissue Renin-Angiotensin and Kinin/Kininases
systems seems more relevant.

Regarding the variations in systolic Doppler
parameters in our patients, isovolumetric con-
traction time was prolonged, but not signif-
icantly, and ejection time was significantly
shortened compared with healthy patients.
These findings are consistent with previous
studies evaluating time intervals in MI61,62 and
with the Poulsen et al. study.48 The insignificant
increase of isovolumetric contraction time de-
tected in our patients can be explained by the
limited systolic dysfunction caused by AMI-I.
However, in our previous studies,46,47 the pa-
tients with anterior MI had significantly longer
isovolumetric contraction time. Moreover, pro-
longation of relaxation and subsequent de-
crease in diastolic filling of LV affected its sys-
tolic performance and caused the significant
shortening of ejection time observed in our pa-
tients. These disorders are due to the existence
of infarct area, residual ischemia, stunned my-
ocardium, and remodeling process. Perindopril
administration was associated with significant
prolongation of ejection time and limited short-
ening of isovolumetric contraction time, find-
ings attributable to amelioration of the re-
modeling process, acceleration of relaxation,
and improvement of systolic function by ACE
inhibition.

These alterations of systolic and diastolic
time intervals in patients with AMI-I caused
proportional changes in the value of the Doppler
index. Thus, prolongation of isovolumetric re-
laxation and contraction time intervals and
shortening of ejection time resulted in a statis-
tically significant rise of the index in patients
with AMI-I compared with that in normal pa-
tients. This is an indication of global LV func-
tion impairment, reflected in index value, in pa-
tients after their first uncomplicated AMI-I and
is consistent with our previous studies46,47 and
with the Poulsen et al. study.48 The significant
shortening of IRT and prolongation of ejection
time occasioned by perindopril resulted in sig-
nificant reduction of the value of Doppler index
in GP patients, compared with that in GCT pa-
tients. Therefore, short lasting administration
of perindopril, beginning the third postinfarct
day, has a favorable impact on global LV perfor-
mance.
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Study Limitations

The Tei index values of the three groups
studied could have been influenced by postural
changes and preload63 or afterload alternations.
Thus, healthy nonhospitalized patients might
have different values compared with postin-
farct patients, in supine position, after sev-
eral days of hospitalization, independently of
other factors. However Tei index variation at-
tributable to preload changes seems consider-
able only in healthy individuals and not in pa-
tients with previous MI.63 Because two of the
three groups in our study were constituted from
subjects with AMI-I during hospitalization, we
consider that the reliability of our results about
the beneficial effect of perindopril on Tei index
value is not reduced. Regarding the afterload
changes, in our material there was no signifi-
cant difference in blood pressure between the
two groups of patients, besides which DI seems
to facilitate evaluation of ventricular function
irrespective of afterload.64 Certainly, further
studies are needed to clarify this issue.

The ejection time of the Doppler IRT value
also distinguished the three groups of our study.
However, this time interval is a pure diastolic
Doppler parameter, which is depended on heart
rate,30 breathing,31 age,32 blood pressure, and
preload.33 On the other hand, Tei index reflects
the changes of both IRT and ET, provides infor-
mation for global LV function, and it is charac-
terized by more advantages34,35,49,50 than lim-
itations. Larger randomized trials using this
index are needed to establish this beneficial
effect of ACE inhibitors. In our study, pa-
tients underwent M-mode, two-dimensional,
and Doppler echocardiography only on the 8.07
± 1.16 (SD) postinfarct day, but not later during
follow-up, when additional information could
have been obtained about the efficacy of these
drugs. However, our study suggests that this
treatment improves global myocardial perfor-
mance after AMI of limited extension and the
Doppler index serves as a powerful tool for
defining prognosis and guiding therapy.

Conclusions

It seems reasonable to conclude that: the
global LV function in patients with first uncom-
plicated AMI-I is impaired in the early postin-
farct phase; treatment with perindopril early
in the course of AMI-I has a favorable impact
on global LV performance, which is apparent
in a short time period; and perindopril acceler-

ates relaxation, which indirectly improves sys-
tolic function. This beneficial effect derives from
its direct tissue and antiischemic effect and not
from its hemodynamic action. Our study sug-
gests that the Tei index is a reliable and use-
ful parameter for the determination of treat-
ment strategy and the evaluation of the effect
of therapy, especially in patients with global LV
dysfunction.

References

1. Pfeffer MA, Braunwald E, Moye LA, et al: Effect of cap-
topril on mortality and morbidity in patients with left
ventricular dysfunction after myocardial infarction. N
Engl J Med 1992;327:669–677.

2. Furberg CD, Campbell RWF, Pitt B: ACE inhibitors af-
ter myocardial infarction. N Engl J Med 1993;328:967.

3. Swedberg K: ACE inhibition after myocardial infarc-
tion. BMJ 1993;306:926–927.

4. Swedberg K, Held P, Kjekshus J, et al: Effects of
the early administration of enalapril on mortality in
patients with acute myocardial infarction. Results of
the Cooperative New Scandinavian Enalapril Sur-
vival Study II (CONSENSUS II). N Engl J Med
1992;327:678–684.

5. Pfeffer MA, Braunwald E, Moye LA, et al: Effect of cap-
topril on mortality and morbidity in patients with left
ventricular dysfunction after myocardial infarction. N
Engl J Med 1992;327:369–377.

6. Schoemaker RG, Debets JJM, Struyker-Boudier HAJ,
et al: Delayed but not immediate captopril therapy im-
proves cardiac function in conscious rats, following my-
ocardial infarction. J Mol Cell Cardiol 1991;23:187–
197.

7. Kingma JH, Gilst WH, Peels CH, et al: Acute interven-
tion with captopril during thrombolysis in patiens with
first anterior myocardial infarction. Results from the
Captopril and Thrombolysis Study (CATS). Eur Heart
J 1994;15:898–907.

8. Sharpe N, Murphy J, Smith H, et al: Treatment of
patient with symptomless left ventricular dysfunc-
tion after myocardial infarction. Lancet 1988;1:255–
259.

9. Pfeffer MA, Lamas GA, Vaunghan DE, et al: Effect
of captopril on progressive ventricular dilatation af-
ter anterior myocardial infarction. N Engl J Med
1988;319:80–86.

10. Oldroyd KG, Pye MP, Ray SG, et al: Effects of early
captopril administration on infarct expansion, left ven-
tricular remodeling and exercise capacity after acute
myocardial infarction. Am J Cardiol 1991;68:713–
718.

11. Sharpe N, Smith H, Murphy J, et al: Early preven-
tion of left ventricular dysfunction after myocardial
infarction with angiotensin converting-enzyme inhibi-
tion. Lancet 1991;337:882–876.

12. Bonarjice VVS, Carstensen S, Caidahl K, et al: Attenu-
ation of left ventricular dilatation after acute myocar-
dial infarction by early initiation of enalapril therapy.
Am J Cardiol 1993;72:1004–1009.

13. Ball SG, Reynolds GW, Murray AD: ACE inhibitors
after myocardial infarction. Lancet 1994;343:1632.

14. Tognoni G: ACE inhibitors after myocardial infarction.
Lancet 1994;343:1633–1634.

Vol. 20, No. 4, 2003 ECHOCARDIOGRAPHY: A Jrnl. of CV Ultrasound & Allied Tech. 325



NEARCHOU, ET AL.

15. Jugdutt BI: Prevention of ventricular remodeling post
myocardial infarction: Timing and duration of therapy.
Can J Cardiol 1993;9103–9104.

16. Sutton MS, Pfeffer MA, Plappert T, et al: Quanti-
tative two-dimensional echocardiographic measure-
ments are major predictors of adverse cardiovascular
events after acute myocardial infarction: The prospec-
tive effects of captopril. Circulation 1994;89:68–75.

17. Konstan MA, Kronenberg MW, Roucceau MF, et al:
Effects of angiotensin converting enzyme inhibitor
enalapril ı̈n the long-term progression of left ventric-
ular dilatation in patients with asymptomatic systolic
dysfunction. Circulation 1993;88:2277–2283.

18. Yusuf S, Pepine CJ, Garces C, et al: Effect of
enalapril ı̈n myocardial infarction and unstable
angina in patients with low ejection fractions. Lancet
1992;340:1173–1778.

19. Lars K, Christian T, Jan E, et al: A clinical trial of the
angiotensin-converting-enzyme inhibitor trandolapril
in patients with left ventricular dysfunction after my-
ocardial infarction. N Engl J Med 1995;333:1670–
1676.

20. Martin S, John S, Pfeffer MA, et al: Quantitative two-
dimensional echocardiographic measurements are
major predictors of adverse cardiovascular events af-
ter myocardial infarction. Circulation 1994;89:68–75.

21. The Acute Infarction Ramipril Efficacy (AIRE) Study
Investigators: Effect of ramipril ı̈n mortality of sur-
vivors of acute myocardial infarction with clinical evi-
dence of heart failure. Lancet 1993;342:821–828.

22. The SOLVD Investigators: Effect of enalapril ı̈n sur-
vival in patients with reduced left ventricular ejection
fraction and congestive heart failure. N Engl J Med
1991;325:293–302.

23. Grouppo Italiano per Io Studio della Soprav-
vivenza nell’Infarto Miocardio: GISSI-3: Effects of
lisinopril and transdermal glyceryl trinitrate singly
and together on 6-week mortality and ventricular
function after acute myocardial infarction. Lancet
1994;343:1115–1122.

24. PREAMI: Perindopril and remodelling in elderly with
acute myocardial infarction: Study rationale and de-
sign. The PREAMI investigators. Cardiovasc Drugs
Ther 2000;14:671–679.

25. Rokey R, Kuo L, Zoghbi W, et al: Determination of pa-
rameters of left ventricular diastolic filling with pulsed
Doppler echocardiography: Comparison with cinean-
giography. Circulation 1985;71:543–550.

26. Appleton C, Hatle L, Popp R: Relation of transmitral
flow velocity, patterns to left ventricular diastolic func-
tion: New insights from a combined hemodynamic and
Doppler study. J Am Coll Cardiol 1988;12:426–440.

27. Castello R, Pearson A, Lentzen P, et al: Evaluation of
pulmonary venous flow by transesophageal echocar-
diography in subjects with a normal heart: compari-
son with transthoracic echocardiography. J Am Coll
Cardiol 1991;18:65–71.

28. Masuayama T, Lee JM, Tamai, et al: Pulmonary ve-
nous flow velocity pattern as assessed with transtho-
racic pulsed Doppler echocardiography in subjects
without cardiac disease. Am J Cardiol 1991;67:1396–
1404.

29. Nishimura R, Abel M, Hatle L, et al: Relation
of pulmonary vein to mitral flow velocities by
transeosophageal Doppler echocardiography. Circula-
tion 1990;81:1488–1497.

30. Harrison M, Clifton G, Pennell A, et al: Effect of heart
rate ı̈n left ventricular diastolic transmitral flow ve-

locity patterns assessed by Doppler echocardiography
in normal subjects. Am J Cardiol 1991;167:622–627.

31. Pye M, Pringle S, Cobbe S: Reference values and re-
producibility of Doppler echocardiography in the as-
sessment of the tricuspid valve and right ventricular
diastolic function in normal subjects. Am J Cardiol
1991;67:269–273.

32. Bryg R, Williams G, Labovitz A: Effect of aging ı̈n left
ventricular diastolic filling in normal subjects. Am J
Cardiol 1987;59:971–974.

33. Berk M, Xie G, Kwan O, et al: Reduction of left ventric-
ular preload by lower body negative pressures alters
Doppler transmitral filling patterns. J Am Coll Car-
diol 1990;16:1387–1392.

34. Tei C, Dujardin KS, Hodge DO, et al: Doppler in-
dex combining systolic and diastolic myocardial per-
formance: Clinical value in cardiac amyloidosis. J Am
Coll Cardiol 1996;28:658–664.

35. Tei C, Ling LH, Hodge DO, et al: New index of com-
bined systolic and diastolic myocardial performance:
A simple and reproducible measure of cardiac func-
tion. A study in normals and dilated cardiomyopathy.
J Cardiol 1995;26:357–366.

36. Oldenburg O, Schafers RF, Kuntz S, et al: Heart fail-
ure as a cardiac symptom of sarcoidosis. Successful
treatment of heart failure with steroids, digitalis and
an angiotensin-1-receptor antagonist in sarcoidosis.
Med Klin 2000;95:151–157.

37. Yeo TC, Dujardin KS, Tei C, et al: Value of a Doppler-
derived index combining systolic and diastolic time in-
tervals in predicting outcome in primary pulmonary
hypertension. Am J Cardiol 1998;81:1157–1161.

38. Eidem BW, Tei C, O’Leary PW, et al: Nongeometric
quantitative assessment of right and left ventricu-
lar function: Myocardial performance index in normal
children and patients with Ebstein anomaly. J Am Soc
Echocardiogr 1998;11:849–856.

39. Yakabe K, Ikeda S, Naito T, et al: Left ventricular mass
and global function in essential hypertension after
antihypertensive therapy. J Int Med Res 2000;28:9–
19.

40. Kim WH, Otsuji Y, Seward JB, et al: Estimation of left
ventricular function in right ventricular volume and
pressure overload. Detection of early left ventricular
dysfunction by Tei index. Jpn Heart J 1999;40:145–
154.

41. Tei C, Dujardin KS, Hodge DO, et al: Doppler echocar-
diographic index for assessment of global right ven-
tricular function. J Am Soc Echocardiogr 1996;9:838–
847.

42. Kamishirado H, Hayashi T, Hatano H, et al: Evalu-
ation of restenosis after percutaneous transluminal
coronary angioplasty using a Doppler index, the Tei
index. J Cardiol 1999;33:127–133.

43. Tsutsumi T, Ishii M, Eto G, et al: Serial evaluation for
myocardial performance in fetuses and neonates using
a new Doppler index. Pediatr Int 1999;41:722–727.

44. Dujardin KS, Tei C, Yeo TC, et al: Prognostic value of
a Doppler index combining systolic and diastolic per-
formance in idiopathic-dilated cardiomyopathy. Am J
Cardiol 1998;82:1071–1076.

45. Tei C, Nishimura RA, Seward JB, et al: Noninvasive
Doppler-derived myocardial performance index: Cor-
relation with simultaneous measurements of cardiac
catheterization measurements. J Am Soc Echocar-
diogr 1997;10:169–178.

46. Nearchou NS, Tsakiris AK, Stathakopoulos DN, et al:
A new Doppler index combining systolic and diastolic

326 ECHOCARDIOGRAPHY: A Jrnl. of CV Ultrasound & Allied Tech. Vol. 20, No. 4, 2003



EFFECT OF PERINDOPRIL ON INFERIOR ACUTE MYOCARDIAL INFARCTION

myocardial performance. Behavior and significance of
this index during hospitalization of patients with acute
myocardial infarction. Mediterranean Association of
Cardiology and Cardiac Surgery 11th Annual Meeting.
1998:216 (Abstract).

47. Nearchou NS, Tsakiris AK, Stathakopoulos DN,
et al: A new Doppler index combining systolic and di-
astolic myocardial performance. Behavior and signifi-
cance of this index during hospitalization of patients
with acute myocardial infarction. Hellenic J Cardiol
1999;40:486–496.

48. Poulsen SH, Jensen SE, Tei C, et al: Value of the
Doppler index of myocardial performance in the early
phase of acute myocardial infarction. J Am Soc
Echocardiogr 2000;13:723–730.

49. Tei C: New non-invasive index for combined sys-
tolic and diastolic ventricular function. J Cardiol
1995;26:135–136.

50. Nearchou NS, Tsakiris AK, Katsaflianis SD, et al: Age
and sex influence on Doppler-index of global myocar-
dial performance of left ventricle (Tei- index) to healthy
subjects. Eur Heart J 2001;22(Suppl):582 (Abstract
P3074).

51. Roberts CS, Maclean D, Maroco P, et al: Early and
late remodeling of left ventricle after myocardial in-
farction. Am J Cardiol 1984;54:407–410.

52. Pfeffer MA, Braunwald E: Ventricular remodeling af-
ter myocardial infarction: experimental observations
and clinical implications. Circulation 1990;81:1161–
1172.

53. Picard MH, Wilkins GT, Ray PA, et al: Progressive
changes in ventricular structure and function during
the year after acute myocardial infarction. Am Heart
J 1992;10:77–86.

54. Rakowski H, Appleton CP, Chan KL, et al: Canadian
consensus recommendations for the measurement and
reporting of diastolic dysfunction by echocardiography.
J Am Soc Echocardiogr 1996;9:736–760.

55. Appleton CP, Hatle LK, Popp RL: Demonstra-
tion of restrictive ventricular physiology by Doppler

echocardiography. J Am Coll Cardiol 1988;12:757–
768.

56. Valantine HA, Appleton CP, Hatle LK, et al: A hemo-
dynamic and Doppler echocardiographic study of ven-
tricular function in long-term cardiac allograft recipi-
ents: Etiology and prognosis of restrictive/constrictive
physiology. Circulation 1989;79:66–75.

57. Spirito P, Maron BJ, Bonow RO: Noninvasive assess-
ment of left ventricular diastolic function: comparative
analysis of Doppler echocardiography radionuclid an-
giographic techniques. J Am Coll Cardiol 1986;7:518–
525.

58. European Study Group on Diastolic Heart Failure:
How to diagnose diastolic heart failure? Eur Heart J
1998;19:990–1003.

59. ACC/AHA Task Force: Guidelines for the evaluation
and management of heart failure. Report of the Ameri-
can College of Cardiology/American Heart Association
task force on practice guidelines (committee on eval-
uation and management of heart failure). Circulation
1995;92:2764–2784.

60. European Society of Cardiology: The task force of the
working group on heart failure. Guidelines: The treat-
ment of heart failure. Eur Heart J 1997;18:736–753.

61. Heikkila J, Luomanmaki K, Pyorala K: Serial observa-
tions on left ventricular dysfunction in acute myocar-
dial infarction. II Systolic intervals in power failure.
Circulation 1971;44:343–354.

62. Hodges M, Halpern BL, Friesinger GC, et al: Left ven-
tricular preejection period and ejection time in pa-
tients with acute myocardial infarction. Circulation
1972;45:933–942.

63. Moller JE, Poulsen SM, Egstrup K: Effect of preload
alterations on a new Dopppler echocardiographic in-
dex of combined systolic and diastolic performance. J
Am Soc Echocardiogr 1999;12:1065–1072.

64. Nishimura M, Ikeda S, Naito T, et al: Evaluation of
right ventricular function by Doppler echocardiogra-
phy in patients with chronic respiratory failure. J Int
Med Res 1999;27:65–73.

Vol. 20, No. 4, 2003 ECHOCARDIOGRAPHY: A Jrnl. of CV Ultrasound & Allied Tech. 327


